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Abstract:  
The synthesis of the indicator of phenolphthalein has been investigated in this research by an 
electrochemical method. In this method, electro-synthesis of phenolphthalein was performed in a 2 
M solution of phenol and 1 M solution of phthalic anhydride in sulfuric acid medium, using the cyclic 
voltammetry technique in a potential range of -0.1 to 1.5 V and scan rate 50 mV/s. Ag/AgCl, platinum 
and graphite electrodes were respectively used as reference, counter and working electrode. The 
combination of electro-synthesis in accordance with the detailed steps of the purification and the 
method of determination of the melting point and FT-IR, HPLC, SEM and UV-Vis devices were used 
and were confirmed to perform diagnostic tests. 
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1. INTRODUCTION 
Anhydride phthalic is the main commercial 
form of phthalic acid. The importance of this 
colorless solid is growing in the global market 
as a major industrial chemical, especially in 
large-scale industries for the production of 
colors, resins, lubricants, plastics, and 
fungicides, and in agriculture [1, 2]. Phenol is 
one of the important organic compounds used 
in industry. It is used in many industries as a 
raw material. Some of the items of this material 
that are used include: nylon, detergents, 
gasoline additives, pharmaceuticals, coal, 
colors, herbicides, emollients, antioxidants and 
lubricating oils, and fungicides. 
Phenolphthalein is obtained by combining 
phenol and phthalic anhydride [3–5]. 
Phenolphthalein is microlithic, a white powder 
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and a chemical compound with four different 
molecules with (C20H14O4) formula. It is 
commonly used as an indicator or reagent for 
acids and alkalis. The application scope of its 
pH is from 3 to 7 [6, 7]. This material by itself 
is a weak acid and releases hydrogen in the ion 
solution. In an acidic environment, it is 
colorless, and is purple-red in an alkaline 
environment. Phenolphthalein is insoluble in 
water and can almost be diluted with alcohol in 
the experiments [8]. In the past, it was also 
used as a laxative and purgative, but because it 
is carcinogenic, it has been completely 
removed from the prescription list [9]. In 
combinations with alcohol and with the use of 
hydrogen peroxide in clinical laboratories and 
in hospitals, it is used to detect negative blood 
(occult blood test) in the stool [10, 11]. 
Electrochemical techniques are quick methods 
to identify the processes that occur on the 
surface. Electrochemical techniques are 
divided into three categories: Potentiostatic 
(constant potential), galvanostatic (constant 
flow), and cyclic voltammetry. In the past 10 
decades, potential scan methods like cyclic 
voltammetry have been used for a wide range 
of systems [12]. Cyclic voltammetry is 
probably the most useful way in mechanism 
reviews based on the potential scan method. 
Because of these capabilities, cyclic 
voltammetry is almost always used as a 
selective method for systems that are being 
studied for the first time. In a typical 
qualitative study, the voltammogram appears 
in a wide range of scan speeds. It usually 
appears for different amounts of several peaks 
by observing the emergence and decline of 
these peaks while limiting the potential range 
and changing the scan speed, and also by 
determining how the relationship between 
processes by peaks becomes possible as a 
result of the differences between the first 
cycles and the next cycles [13–15]. The 
electro-synthesis of phenolphthalein by using 
the cyclic voltammetry technique was 
performed in this study. 
2. Materials and methods 
2.1. Materials 
Phenol (C6H6O), phthalic anhydride (C8H4O3) 
and sulfuric acid (H2SO4) (Merck, Germany) 
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were all of analytical grade, and used as 
received. 
2.2. Equipment 
The electrochemical system, which consists of 
compact potentiostat and galvanostat Ivium 
(Holland), was used for the synthesis and 
characterization of phenolphthalein. A 
custom-made three-electrode cell was 
employed throughout. The composite graphite 
(Germany) was used as the working electrode 
and a platinum electrode was used as the 
counter electrode and Ag/AgCl electrode was 
used as the reference electrode. Devices to 
determine the melting point IA9200 (electro-
thermal, England, FTIR spectrophotometer 
System 2000 [Perkin Elmer, USA]) and 
UV/visible (UV/vis) spectrophotometer V-500 
(JASCO, Japan) were also used for purposes of 
characterization. Liquid chromatography with 
high performance (HPLC) 1100 (Agilent’s, 
USA) was used in order to identify and test the 
reagent purity percentage of the 
electrosynthesized compound. Scanning 
electron microscopy field emission device 
(SEM) or (FE SEM) (KYKY EM3200, China) 
was used to identify electro-synthesis of the 
compound. 
2.3. Methods 
For the electro-synthesis of phenolphthalein, 
the applied potential range of -0.1 to 1.5 V at a 
scan rate 50 mV/s was applied to 10 ml of 0.1 
M phenol solution, containing 1 M sulfuric 
acid, in an electrochemical cell using cyclic 
voltammetry technique. On the first forward 
scan with observations of anodic peak (0.5 V), 
1 M phthalic anhydride solution will be added 
in sulfuric acid medium while phenolphthalein 
is synthesized, and scanned up to five cycles. 
In this method, the graphite electrode was used 
as the working electrode, the platinum 
electrode as the counter electrode, and 
Ag/AgCl electrode as the reference electrode. 
3. RESULTS AND DISCUSSION 
3.1. Electro-syntheses 
The electro-synthesis of phenolphthalein was 
performed in a 2 M phenol solution and 1M 
phthalic anhydride solution in sulfuric acid 
medium.  The cyclic voltammograms of the 
electro-synthesized phenolphthalein are 
shown in Figure 1. 
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In the first forward scan, phenol oxidation 
occurred and synthesized phenol radical 
action, reacting with phthalic anhydride. 
Figure 2 shows the mechanism of electro-
synthesized phenolphthalein. In the end, 
phenolphthalein was electro-synthesized. It 
was oxided and recovered in the next cycles. 
During the second cycle, an anodic cyclic 
voltammogram (Figure 1a) is related to the 
oxidation of phenolphthalein, which includes 
the two peaks, the first of which is related to 
the first OH and second to the second OH: Fig. 
3-A shows the molecular structure of 
phenolphthalein. The cathodic cyclic 
voltammogram (Figure 1C) is caused by the 
recovery of phenolphthalein, which includes 
two peak recoveries of the first and second 
oxygen (Fig. 3-B) and shows the molecular 
structure of phenolphthalein. These cases are 
also repeated in the next cycles. 
 
Fig.1. The cyclic voltammogram obtained 
during of synthesized phenolphthalein in 2 M 
C6H6O and 1 M C8H4O3. 
Fig.2. Mechanism of electro-synthesized phenolphthalein 
 
 
 
                                                                          
Journal of Advanced Applied Scientific Research -ISSN: 2454-3225 
Reyhaneh zainali et.al JOAASR-Vol-1-10-May-2017  
Fig. 3. (A and B): Molecular structure of phenolphthalein 
3.2. Structural analysis 
3.2.1. Identification by the use of Melting 
Point 
Melting points are helpful in both, the 
identification of a sample and in establishing a 
compound's purity. By examination the 
melting point of the electro-synthesized 
phenolphthalein we reached a melting point 
range from 260 oC to 263 oC which matches 
with the standard reference [16]. 
3.2.2. FT-IR analysis 
For recognition, especially of moleculars, the 
molecular skill group, in particular, is used of 
FT-IR instrument. The spectra of solid samples 
were measured as KBr pellets. 
Figure 4 shows the FT-IR spectrum related to 
the electro-synthesized phenolphthalein. 
Strong attractions in the area of 1650–1400 cm-
1 often represent the aromatic ring [17]. Strong 
attraction in the 1587.73 cm-1 related to the 
carbonyl group (C = O) attraction of stretching 
band in 1416 cm-1 is related to the (C = C). The 
attraction band related to (C-O) is placed in the 
range of 1160 cm-1 [18–20]. 
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Fig. 4. Baseline corrected FT-IR spectra of 
electro-synthesized phenolphthalein 
3.2.3. High performance liquid 
chromatography HPLC 
The experiment was conducted in the mobile 
phase: methanol-water mixture (75:25), 
wavelength, 254 nm, flow: 1ml / min. in the 
form of 5, (A) and (B), (HPLC) spectrum 
sample and standard obtained from the 
chromatogram of standard and electro-
synthesized phenolphthalein. This has been 
shown to evaluate and calculate the purity 
percentage of electro-synthesized 
phenolphthalein against standard 
phenolphthalein, based on the standard of the 
British Pharmacopoeia (BP). The results of the 
analysis emphasize the success of this 
synthetic method: it led to a product with 
purity percentage of 100% [21–23]. 
The evaluation obtained from the 
chromatogram of electro-synthesized 
phenolphthalein suggests that at the time of 
inhibition 0.88 at height of 33.6, the purity 
percentage is 100% (Fig.5-A). 
The evaluation obtained from the 
chromatogram of standard phenolphthalein 
(Merck) suggests that at the time of inhibition 
1.288 at height of 314.82, the purity percentage 
is 87.014% (Fig.5-B). 
 
Fig. 5. HPLC chromatogram of electro-
synthesized phenolphthalein (A) and HPLC 
chromatogram of standard phenolphthalein 
(B).  
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3.2.4. Evaluation and identification of 
electrosynthesized phenolphthalein by UV-
visible 
Acid-alkali indicators have good attraction: a 
small change in the chemical structure of the 
molecule of the indicator alters the color factor 
of molecule to explain this phenomenon. We 
must pay attention to the structure of 
phenolphthalein and how its color changes in 
different environments.  
Figure 6 shows the phenolphthalein in acidic 
and neutral solution in the range from 0 to 8.2 
of pH: this structure is stable and is colorless. 
 
Fig. 6. Molecular structure of phenolphthalein 
pH<8.2 
 
 
 
In an alkaline environment with pH range 
between 8.2 and 12, the phenolphthalein—
with the loss of two protons—is purple in color 
(Figure 7) [24, 25]. 
 
Fig. 7. Molecular structure of phenolphthalein 
PH <12 
According to the researches conducted, the 
range of the visible spectrum in 
phenolphthalein includes the wavelength from 
200 to 570. Figure 8A and B shows UV-
Visible spectrum of the electro synthesized 
phenolphthalein. According to the diagram, the 
longest wavelength is at 230 nm and 553 nm, 
it has been confirmed.  
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Fig. 8- Uv-vis. spectra of electro-synthesized 
phenolphthalein (A- pH<8.2) and (B- PH <12) 
3.2.5. Evaluation and identification of 
electro-synthesized phenolphthalein by 
scanning electron microscopy (SEM) 
In Figures 9, the SEM images of electro-
synthesized phenolphthalein has been shown 
by the cyclic voltammetry method. As can be 
seen, it shows the dense spherical structure 
with an approximate diameter of 40.7 nm. The 
electro-synthesis of phenolphthalein can be 
proved in accordance with the images obtained 
from scanning electron microscopy. 
 
Fig.9. SEM of electro-synthesized 
phenolphthalein 
4. CONCLUSION 
In this study, the reagent of phenolphthalein 
was electro-synthesized by using a cyclic 
voltammetry technique. Successive 
purification steps was carried out in chemical 
synthesis to remove the raw materials; the 
catalysts and acidic medium have been 
removed by this method. The increase in 
production speed of the reagent of 
phenolphthalein from about 8 to 40 hours to 
100 seconds occurred by using the cyclic 
voltammetry technique and a scanning speed 
of 50 mV per second, considering that each 
scan takes 20 seconds at the range of -0.1 to 1.5 
V, and we have five cycles here. Therefore, the 
production speed was increased. 
Journal of Advanced Applied Scientific Research -ISSN: 2454-3225 
Reyhaneh zainali et.al JOAASR-Vol-1-10-May-2017  
Acknowledgment 
The authors of the paper thank direct financial 
and spiritual support provided by the head of 
the University and deputy of research and 
technology of Islamic Azad University, 
Yadegar Imam Khomeini Shahre- rey branch 
sencerely. 
References: 
1. Giarola, S., C. Romain, C.K. Williams, J.P. Hallett, 
and N. Shah, Chem. Eng. Res. Des., 107 (2015) 181-
194. 
2. Liu, Y., Y. Gu, Y. Hou, Y. Yang, S. Deng, and Z. 
Wei, Chem. Eng. J., 275 (2015) 271-280. 
3. Gudeika, D., R. Lygaitis, J.V. Gražulevičius, R.H. 
Kublickas, V. Rubežiene, and J. Vedegyte, Chemija, 
23(3) (2012) 233-238. 
4. Yagofarov, M.I., R.N. Nagrimanov, and B.N. 
Solomonov, The Journal of Chemical 
Thermodynamics, 105 (2016) 50-57. 
5. Singh, S., N. Kumar, V.K. Meena, C. Kranz, and S. 
Mishra, Sensors and Actuators B: Chemical, 237 
(2016) 318-328. 
6. Luo, Z., M. Gao, S. Yang, and Q. Yang, Colloids 
and Surfaces A: Physicochemical and Engineering 
Aspects, 482 ( 2015) 222-230. 
7. Irzl, G.H., C.T. Vijayakumar, J.K. Fink, and K. 
Lederer, Polym. Degrad. Stab., 16(1) (1986) 53-71. 
8. Kolthoff, I.M. and E.B. Sandell, "Textbook of 
quantitative inorganic analysis". 1945, New York: 
MacMillan. 
9. Noller, C.R., "Chemistry of Organic Compounds". 
1965: W.B. Saunders Company. 
10. Fawcett, R.L., Journal of the Air Pollution Control 
Association, 20(7) (1970) 461-465. 
11. Zhang, L., Z. Li, R. Chang, Y. Chen, and W. Zhang, 
React. Funct. Polym., 69(4) (2009) 234-239. 
12. Park, K.T., J.H. Chun, S.G. Kim, B.-H. Chun, and 
S.H. Kim, Int. J. Hydrogen Energy, 36(2) ( 2012) 
1813-1819. 
13. Grimshaw, J., CHAPTER 1 - Electrochemical 
Oxidation And Reduction Of Organic Compounds, 
in Electrochemical Reactions and Mechanisms in 
Organic Chemistry. Elsevier Science B.V.: 
Amsterdam2000. p. 1-26. 
14. Chareonpanich, M., P. Kongkachuichay, W. 
Donphai, T. Mungcharoen, and D. Huisingh, 
Journal of Cleaner Production, 142 (2017) 1131-
1137. 
15. Parkes, J., Journal of Cleaner Production, 2 (2) 
(1994)83-89. 
16. Hubacher, M.H., Journal of the American 
Pharmaceutical Association (Scientific                    
ed.), 34(3) (1945) 76-78. 
17. Kunimoto, K.-K., H. Sugiura, T. Kato, H. Senda, A. 
Kuwae, and K. Hanai, Spectrochimica Acta Part A: 
Molecular and Biomolecular Spectroscopy, 57(2) 
(2001) 265-271. 
18. N.S.Hamad, journal of Basrah Researches, 36 
(2010) 94-102. 
19. Jr.Buikema, A.L.Mcginniss, and J.Cairmsjr, Marine 
Environmental Research, (1979), 87-181. 
20. Geeta, N. and T.R. Baggi, Microchem. J., 42(2) 
(1990) 170-175. 
21. Yoshida, M., A. Akane, T. Mitani, T. Kobayashi, 
and Y. Okii, Legal Medicine, 11 (2009) S357-S359. 
22. R.Malviva, V.Bansal, o.p.pal, and p.k.sharma, 
journal of Global pharme Technology, 2(5) (2010) 
22-26. 
23. Trachman, H. and F. Zucker, Anal. Chem., 36(2) 
(1964) 269-271. 
24. Yadav and M.P.Goutam, International Journal of 
Multidisciplinary Approach and studies, 4 (2014) 
82-92. 
25. Cao, H.-W., R.-W. Xu, H. Liu, and D.-S. Yu, 
Designed Monomers and Polymers, 9(4) (2006) 
369-382 
 
 
 
 
